An increasing number of weed species are developing resistance to herbicides and even to groups of herbicides with different modes of action (Anonymous, 1997; Henkes, 1997; LeBaron, 1991) . Certain weed species can be controlled with biological agents (Cullen et al., 1973; Daniel et al., 1973; Phatak et al., 1983; Woodhead, 1981) . The vacated niche will, however, be filled by other species not susceptible to the agent (Putnam, 1990) . Cover crop management is a non-specific biological method of pre-emergence weed control, which has many advantages (Buckerfield & Webster, 1996; Khan et al., 1986 , Louw & Bennie, 1992 Radcliffe et al., 1988; Roth et al., 1988; Van Huyssteen et al., 1984) .
The difference in climate between regions, as well as the spectrum of winter growing weeds in a specific region, has an effect on the performance of a cover crop species (Fourie et al., 2001) . A selection of species suitable for cover crop management in the different grapevine regions is required in order to apply this environment friendly practice in a sustainable manner, as part of an integrated production strategy (Fourie et al., 2001) . In this regard it was indicated that Secale cereale L. (rye), two Avena (oat) species and Triticale v. Usgen 18 (triticale) could be considered for cover crop management on the medium textured soils of the Coastal wine grape region, situated in the winter rainfall region of South Africa (Fourie et al., 2001) . They also indicated that three Trifolium subterraneum (subterranean clover) species, four Medicago (medic) species, three Vicia (vetch) species and Ornithopus sativus L. v. Emena (pink Seradella) should be included in further studies to determine whether the norm of eight t/ha of dry matter, considered by Van Huyssteen et al. (1984) to be necessary for the effective control of summer growing weeds, was applicable to these species under the edaphic conditions of the Coastal region.
This study was carried out to determine the effect of two cover crop management practices on eight selected cover crop species, with the objective of supplying the wine grape industry with guidelines for sustainable cover crop management in vineyards established on medium textured soils in the Coastal wine grape region.
MATERIALS AND METHODS

Experiment vineyard and layout
The trial was carried out in a Chardonnay/99 Richter vineyard trained on a seven-strand double-lengthened Perold trellis system (Booysen et al., 1992) and established on a medium textured soil (see Table 1 ) at the Nietvoorbij research farm near Stellenbosch during November 1992. The soil used in the trial is representative of the top soil of medium textured soils found in the vineyards of the Coastal wine grape region of the Western Cape. Stellenbosch (33°55'S, 18°52'E) is situated in the Coastal wine grape region of the Western Cape. Mean annual rainfall amounts to 705 mm, of which approximately 73% precipitates during the autumn and winter (March to August). The vines were spaced 1.5 m in the row and 2.75 m between rows. The soil was analysed for pH (1.0 M KCl), P and K (Bray II), exchangeable K, Ca, Mg and Na (extracted with 0.2 M ammonium acetate) and organic carbon by means of the Walkley-Black method (The Non-affiliated Soil Analysis Work Committee, 1990) . These analyses were done during March 1993 for the 0-300 mm and 300-600 mm soil layers, before the treatments were initiated (see Table 1 ). The pH and P (Bray II) analyses were repeated during March 1997 and March 2000 on the 0-300 mm soil layer (see Table 2 ).
Eighteen treatments were applied as shown in Table 3 . Two cover crop management practices, namely full surface post-emer- gence chemical control from the first week in September (bud break) to the end of March (BB), which is the growing season of the grapevines, and full surface post-emergence chemical control from the stage when the berries reached pea size at the end of November to the end of March (AB), were applied to eight cover crop species. These treatments were compared to a control treatment, in which no cover crop was sown and the weeds were controlled mechanically in the work row and chemically in the vine row over the period from bud break to the end of March. A treatment in which no cover crop was sown and full surface postemergence chemical control was applied during the growing season of the vines (weeds, BB) was also included. Weed control was carried out twice yearly, namely just before bud break and at the end of November. From 1999 to 2002 all the species in the AB treatments were controlled chemically during mid-October. Postemergence weed control was applied with glyphosate at a rate of 1.44 kg/ha by means of a tractor sprayer.
The vineyard was irrigated by means of 25.7 L/h micro-sprinklers which had a 360°wetting pattern. The micro-sprinklers were installed on the irrigation line in the upright position at 1.5 m intervals. Irrigation of the cover crops was scheduled as described by Fourie et al. (2001) for the first 10 weeks after sowing (April to mid-June). Following this period, the cover crops were dependent on the rainfall, which is normally ca. 109 mm, 127 mm and 121 mm for June, July and August, respectively, in this region. The cover crops were sown annually in early April (seeding dates varying between 4-15 April) at seeding densities suggested by Fourie et al. (2001) , with the exception of 1993 when infrastructural work delayed sowing until 24 May. Seedbed preparation was done with a disc harrow approximately six weeks before the seeding date. After sowing by hand, the seeds were covered using a rotary harrow. During 1995 and 1997, no seeds were sown in the AB treatments to determine if the species would be able to re-establish themselves, while during 1999 this management practice was restricted to the N-fixing broadleaf species. From 2000 onwards, all the treatments were sown annually.
All the treatments received 14 kg/ha of N during seedbed preparation, as well as at the two-to four-leaf development phases of the grass cover crops. In the case of the N-fixing broadleaf cover crops, the N was applied to the vine row only, while in the other treatments it was broadcasted. From the 1998 season onwards, 19.5 kg of P/ha was broadcasted over all treatments at the end of February, just before seedbed preparation. This was intended to restore and maintain the P concentrations in the 0 to 300 mm soil layer at approximately 30 mg/kg (see Table 2 ). This P concentration is the norm for grapevines established on these soils (Conradie, 1994) , which is also the level that would help to ensure adequate growth rates with Medicago species (Sanderson, 1998) . Calcitic lime was applied at a rate of 2.5 t/ha to the top soil layer at the end of February 2000, in order to enhance growth of the broadleaf species without exceeding the requirements for grapevines (W.J. Conradie, 2000 -personal communication) . Dimethoate (150 ml/ha) was applied post-emergence to the two Medicago species and Vicia dasycarpa Ten. (grazing vetch) during 1999 in reaction to damage to the above-ground growth. From 2000 onwards the seeds of all the N-fixing broadleaf species were treated with dimethoate (600 mL/100 kg seeds) to protect the emerging seedlings. Measurements
Dry matter production (DMP) by both the cover crops and the associated weeds was determined at the end of August and again at the end of November, according to the procedure described by Fourie et al. (2001) . To determine the number of viable seeds present in the top 100 mm of the soil, including the seeds on the soil surface, a square quadrant with an area of 0.25 m 2 was sampled at the end of February -six weeks before the seeding date. The soil was air dried and passed through an 850-micron sieve, to separate the organic matter and cover crop seeds from the soil. The cover crop seeds were then separated from the organic matter manually. The viability of the seeds was determined by means of the "between paper" method, prescribed by the International Seed Testing Association (1999).
Statistical procedures
The eighteen treatments were randomly allocated within each of three blocks. The design was an (8x2)+2 factorial with factors eight cover crops, two management practices, as well as two other practices. The experiment was repeated for 10 consecutive seasons (years). The size of each unit (plot) was 165 m 2 . All variables were measured at random sites within each experiment unit at the end of August and end of November. Analyses of variance were performed for each season separately, using SAS (SAS, 1990 ). Student's t least significant difference (LSD) was calculated at a 5% significance level to facilitate comparison between treatment means. The Shapiro-Wilk test was performed to test for non-normality (Shapiro & Wilk, 1965) .
RESULTS AND DISCUSSION
Dry matter production of cover crops
The DMP of the cover crop species in all the treatments, as measured before bud break (end of August), was lower during 1993 compared to that of the 1994 and 1996 seasons, the following two seasons during which the species were also established in all the treatments (see Table 3 ). This was attributed to the fact that the cover crops could only be sown as late as 24 May during 1993, compared to early April during 1994 and 1996. This supports the results of Fourie et al. (2001) , indicating that these cover crops should be established before the second week of April in this region.
The long-term average DMP of the BB treatment of Avena sativa L. v. Overberg ('Overberg' oats) was the highest of all the treatments, and comparable to the values reported by Fourie et al. (2001) in a trial on open land. Although the long-term average DMP of the two Medicago species was less than that of the grain species, it was similar to production obtained on a sandy soil (Bolland, 1997; Fourie et al., 2005) , but approximately 35% less than production on open soil under similar edaphic conditions (Fourie et al., 2001) . The long-term average DMP of grazing vetch and Trifolium subterraneum L. v. Woogenellup ('Woogenellup' subterranean clover) was less than that of the weeds in the control and the weeds (BB) treatment, indicating that it is risky to use these two species as cover crops under conditions similar to that of the trial.
Ignoring seasonal fluctuations in performance, the DMP of rye (BB) at the end of August declined progressively from the 1996 season onwards (see Table 3 ). The DMP in the BB treatments of the two Avena species showed a similar tendency to that observed in the BB treatment of rye. The decline in DMP was, however, more pronounced, and occurred especially from 1997 to 1999. The application of P from the 1998 season onwards did not result in a significant increase in the DMP of the grain species. The tendency to produce less dry matter in 1997 than in 1998 (see Table  3 ) was attributed to the much colder average daily temperatures in April 1997 and relatively low rainfall during July 1997 compared to that of 1998 (see Table 4 ). The poor performance of the grain species during 1999 as compared to that in 1998 and 2000 (see Table 2 ), could be attributed to the absence of rain in June 1999, followed by a relatively dry July (see Table 4 ). This supports the data of Van Bosch & Pieterse (1995) , who found that a reduction in the irrigation rate from 18 mm per week to 13 mm per week significantly reduced the DMP of rye, 'Overberg' oats and Avena strigosa L. v. Saia ('Saia' oats) by 1.2, 1.4 and 2 t/ha, respectively. The application of calcitic lime at a rate of 2.5 t/ha during seedbed preparation in 2000 seemed to have improved the DMP of the grain species slightly, but only in the short term and not to the levels measured from 1994 to 1996 (see Table 3 ). The inability of the grain species to recover in full could have been caused by a gradual buildup of soil-borne diseases against these species as a result of the same species being sown year after year (Lamprecht et al., 1988; Lamprecht et al., 1990) . This, however, was beyond the scope of this study. Overshadowing by the fullygrown grapevines in the period from harvest to leaf-fall might also have contributed to the observed decline.
The DMP of grazing vetch in the period from 1994 to 1996 was similar to that reported by Fourie et al. (2001) under similar edaphic conditions (see Table 3 ). From the 1997 season onwards, however, the performance of the species was exceptionally poor, except in the 2000 season. The application of P from 1998 onwards restored the level of P in the 0 to 300 mm soil level to approximately 30 mg/kg (see Table 3 ), which was more than sufficient to supply the needs of the species employed (De Ruiter, 1981) . Despite this, the DMP of the species did not improve. The increase in DMP that occurred from 1998 to 1999 (see Table 3 ), despite the absence of rain in June 1999 (see Table 4 ), could be attributed to the post-emergence application of dimethoate in reaction to damage to the above-ground growth. The drastic increase in the DMP of grazing vetch from 1999 to 2000 was attributed to the application of 2.5 t/ha of calcitic lime during seedbed preparation, as well as to the seeds having been treated with dimethoate (see Table 3 ). During 2001 and 2002 the species was continuously grazed to the ground. This damage must have been caused by larger herbivores, selectively feeding on the grazing vetch.
The DMP of Vicia faba L. v. Fiord (faba bean) differed considerably between seasons (see Table 3 ) and was on average appreciably lower than that reported by Fourie et al. (2001) . The performance of faba bean was exceptionally poor in the BB treatments during 1997 and 1999, despite the fact that the rainfall during both winters (see Table 4 ) exceeded the minimum of 350 mm deemed necessary for sufficient growth by Lochner (1989) . The relatively cold average daily temperatures in April, combined with a relatively low rainfall during July (see Table 4 ), could, however, have had a negative effect on the performance of the cover crop in 1997. The application of P from 1998 onwards improved the DMP of faba bean initially (see Table 3 ). Faba bean germinated poorly during 1999 (visual observation). This might have been caused by soil-borne pests attacking the emerging seedlings. The performance of the plants that did germinate seemed to be further restricted by the absence of rain in June 1999, followed by a relatively dry July (see Table 4 ). Treatment of the seeds with dimethoate, as well as the application of 2.5 t/ha of calcitic lime during seedbed preparation, resulted in faba bean producing more than five t/ha of dry matter at the end of August 2000 (see Table 3 ). The exceptionally high rainfall during July 2001 and 2002 compared to that of July 2000 (see Table 4 ) could have created conditions favourable for soil-borne diseases, which might have been responsible for the reduction in DMP during 2001 and 2002 compared to that of 2000 (see Table 3 ).
The DMP of Medicago scutellata (L.) Mill. v. Kelson ('Kelson' medic) and Medicago truncatula Gaertn. v. Paraggio ('Paraggio' medic) in the BB treatments from 1994 to 1996 (see Table 3 ) was similar to that reported by Fourie et al. (2001) . The climatic conditions during 1997 (as described above), as well as the fact that the level of P in the 0-300 mm soil layer (see Table 2 ) was lower than the level deemed necessary for good growth rates with the Medicago species (De Ruiter, 1981; Sanderson, 1998) , could have contributed towards the poor performance of the two Medicago species during that year. The application of P during seedbed preparation in 1998 improved the DMP of 'Kelson' medic and 'Paraggio' medic in the BB treatments by 38% and 260%, respectively, compared to the DMP measured in these treatments in 1997 (see Table 3 ). This supported the results of Nnadi & Haque (1988) . The control of the pests must also have contributed towards the drastic increase in the DMP of 'Paraggio' medic. Despite the application of dimethoate and P, the species performed poorly during 1999. Although the pH of the soil measured in 1999 was lower than that at the beginning of the trial (see Table 3 ), it still exceeded the minimum levels at which suppression of growth can be expected (Bordeleau & Prévost, 1994; Evans et al., 1990; Helyar & Anderson, 1971) . Clarkson et al. (1987) reported that the amount of rainfall/irrigation received has a highly significant effect on the DMP of M. truncatula Gaertn v. Jemalong. The absence of rain in June 1999, followed by a relatively dry July, therefore, must have had a negative impact on the DMP of 'Paraggio' medic. The application of 2.5 t/ha of calcitic lime during seedbed preparation in 2000 approximately doubled the DMP of the two Medicago species, but could not restore it to the levels produced from 1994 to 1996. This was probably the result of an increase in soil-borne diseases suffered by these two species after being planted on the same plots for 10 consecutive years in the absence of a rotation system with grain species (Lamprecht et al., 1988; Lamprecht et al., 1990) .
The DMP of 'Woogenellup' subterranean clover followed much the same pattern as that of grazing vetch (see Table 3 ). The application of 2.5 t/ha of calcitic lime during seedbed preparation and the treatment of the seeds with dimethoate in 2000 improved its performance to the same levels produced in 1994. The reduction in DMP from 2000 to 2002 was probably due to an increase in soil-borne diseases against the species after using it on the same soil for 10 consecutive years. The exceptionally high rainfall In 1993, when the cover crops were sown as late as 24 May, the DMP of all the cover crops increased from the end of August to the end of November (see Table 5 ). If sown during early April, rye and 'Overberg' oats did not produce additional dry matter if left to die back naturally. Similar results were obtained with 'Saia' oats, with the exception of in 1998, when a considerable amount of additional growth took place from the end of August to the end of November. The lower rainfall during July and August 1998 compared to that of 1994, 1996, and 2000 (see Table 4 ) might have retarded growth during this period, resulting in more growth from September to November in order for the species to complete its life cycle. 'Kelson' medic produced significantly more dry matter from the end of August to mid-October/end of November, with the exception of 1994, if it was allowed to complete its life cycle (see Table 5 ). These results indicate that, in order to maximise DMP, 'Kelson' medic should rather be allowed to grow until mid-October than be controlled chemically at the end of August. Depending on the year, faba bean and, to a lesser extent, 'Paraggio' medic and grazing vetch, also produced more dry matter when not controlled chemically at the end of August.
Potential of species to re-establish themselves
'Paraggio' medic showed the potential to re-establish in the 1995 season, as indicated by the dry matter in the AB treatment being 33% of that measured in the BB treatment (see Table 3 ). The DMP of 1.19 t/ha (see Table 3 ) achieved with 81 viable seeds per square metre (see Fig. 1 ), was similar to that reported by Fourie et al. (2005) . Both the total and viable amount of seeds did not increase from 1995 onwards (see Fig. 1 ). This could be attributed to the poor performance of the species during 1995 and 1997 in this treatment, due to poor re-establishment (see Table 3 ), as well as the less favourable climatic conditions during 1997, described previously (see Table 4 ), thereby not adding more seeds to the seedbed. The untimely germination of seeds during the summer could also have contributed to the observed decline. A large number of seeds were damaged during 1997 (see Fig. 1 ), probably by soil-borne pests. The inability of the species to re-establish at all during 1997 and 1999 (see Table 3 ) was probably due to the destruction of the germinating plants by soil-borne pests (Moulds, 1986; Porter, 1998) . 'Kelson' medic, when left to die back naturally, produced considerably more seed than the seeding density used in the treatments in which the species were sown annually (see Fig. 1 ). Most of these seeds were, however, hardcoated, with too small a percentage being viable in any season. Similar to 'Paraggio' medic, both the total and viable amount of seed did not increase from 1996 onwards. This could be attributed to both the poor performance of the species during 1997, thereby failing to sustain the seedbed, as well as to the probability of untimely germination of seeds during summer. Although the amount of water the two Medicago species received in the present study exceeded that deemed necessary for re-establishment Tadmor et al., 1974 ) the seed density could not reach the amounts deemed necessary for successful re-establishment (Carter & Lake, 1985) .
During 1999 the amount of viable seed produced by faba bean was 193% of the seeding density used in the treatment in which the species was sown annually (see Table 6 ). This resulted in the DMP of faba bean (AB) being 172% compared with that of faba bean (BB) as determined at the end of August 1999 (see Table 3 ), indicating that the species had the ability to re-establish successfully in the short term. The DMP of grazing vetch (AB) was, however, only 22% compared with that of grazing vetch (BB) at the end of August 1999 (see Table 3 ). This was despite the fact that the amount of viable seed produced was 50% of the seeding density used in the treatment in which the species was sown annually (see Fig. 2 ). These results indicated that the species would not be able to re-establish successfully under similar edaphic conditions. The inability of 'Woogenellup' subterranean clover to reestablish (see Table 3 ) was attributed to the species not producing significant amounts of viable seed over time. The considerable Seeding density decline in the amount of seed from 1997 to 1999 (see Fig. 2 ) could be attributed to the poor performance of this cover crop in the AB treatment during this period (see Table 2 ). Damage to the seeds (see Fig. 2 ), probably caused by soil-borne pests, might have contributed to the reduction in the amount of seed.
The grain species could not re-establish successfully (see Table  2 ). Although the number of seeds present in 'Overberg' oats (AB) was as high as 60% of the seeding density used in the BB treatment of the species during 1995 (see Table 4 ), the species did not establish itself successfully (see Table 2 ). This was attributed to the fact that only a relatively small fraction of these seeds (28%) was viable. The same phenomenon occurred in 'Saia' oats (AB) during 1995 and rye (AB) during 1997. This supported the results of Fourie et al. (2005) . The number of viable seeds present in these three AB treatments during 1999 indicated that no buildup of viable seed occurred over time (see Table 4 ). From 1999 onwards, the grain species were, therefore, sown in the AB treatments at the same seeding density used for the BB treatments.
Control of winter growing weeds
In the first year following the establishment of the vineyard in 1993, DMP of the winter growing weeds in the control and weeds (BB) treatments amounted to less than one t/ha (see Table 7 ). This suggested that the deep pre-plant soil preparation during 1992 could have had a negative impact on the weed seed population in the top soil. The DMP of the winter growing weeds measured in these two treatments during 1994 was an indication that the weeds in this region have the ability to re-establish successfully within two years after initial deep soil preparation. The sharp decline in DMP of winter growing weeds, measured in the control from 1994 to 1996, indicated that mechanical control, applied at the correct time from bud break to harvest, could reduce the stand of winter growing weeds in this region by as much as 73% 
TABLE 7
Effect of two cover crop management practices, applied to three grain species and five N-fixing broadleaf species, as well as two treatments in which no cover crops were sown and full surface chemical control and mechanical control was applied from bud break, respectively, on the dry matter production (DMP) of winter growing weeds, as measured end of August. within two seasons. The weed stand in the weeds (BB) treatment was reduced by 58% within three seasons (from 1994 to 1997). The foregoing results indicated that a large number of the winter growing weed species must have been prevented from producing seeds, thereby reducing the amount of seeds available for germination in the following seasons.
Continuous effective suppression of the winter growing weeds (less than 20% of the weed stand in the control) was only achieved with the BB treatments of the two Avena species (see Table 7 ). Total suppression of the winter growing weeds was achieved with 'Overberg' oats (BB) and 'Saia' oats (BB) for six and five of the ten years, respectively. This enabled a 50% reduction in the amount of glyphosate that was applied for post-emergence weed control at the end of August during those years. Although the winter weed suppression by rye (BB) was not effective in some years, total suppression of the winter growing weeds was nevertheless achieved during 1996 and 1997, while effective weed suppression occurred during 1993, 1994 and 1998 . A DMP in excess of four t/ha by rye at the end of August 1994 August , 1995 August and 1996 Table 2 ), combined with post-emergence chemical weed control during the first week of September, could have contributed towards the total weed suppression achieved with less than four t/ha of dry matter during 1997 (see Table 7 ). This was probably caused by the prevention of weed seed production during the first-mentioned seasons. The exceptionally high amounts of dry matter produced at the end of August by the grain species in the AB treatments during 1996 (see Table 3 ), prevented the winter growing weeds from germinating, although the weeds proliferated in these treatments during the previous winter (see Table  7 ). This indicated a high weed seed density in these treatments. 'Saia' oats sown annually from 1998 onwards, in combination with chemical control in mid October from 1999 onwards, resulted in total winter weed suppression in 2001 and 2002. This management practice could therefore be applied if 'Saia' oats is used as cover crop, without the danger of increasing the competition from winter growing weeds over time.
Grazing vetch (BB) competed effectively with the winter growing weeds during the first three seasons of the trial (see Table 7 ), with the DMP of the species still exceeding 2.5 t/ha if sown during April (see Table 3 ). 'Kelson' medic suppressed the winter growing weeds effectively in both the BB and AB treatments during 1993, 1994, 1996 and 2000 (see Table 7 ). This was achieved TABLE 8 Effect of two cover crop management practices, applied to three grain species and five N-fixing broadleaf species, as well as two treatments in which no cover crop were sown and full surface chemical control and mechanical control was applied from bud break, respectively, on the dry matter production (DMP) of summer growing weeds, as measured at the end of November. 4 MC = chemical control in vine row, mechanical control in working row. 5 Cover crop left to re-establish itself on the AB treatments.
6 Data do not differ significantly on the 5% level.
from 1994 onwards with dry matter productions exceeding 2.3 t/ha (see Table 3 ). 'Paraggio' medic also showed the ability to effectively suppress the winter growing weeds during 1993, 1996 and 2000 (see Table 7 ). This did not, however, correspond with the DMP of the species (see Table 3 ).
Control of summer growing weeds
Long-term effective control of the summer growing weeds, as measured at the end of November, was achieved with the BB treatments of the grain species (Table 8) . This was achieved with dry matter productions of 2.22, 3.60 and 3.26 t/ha for rye, 'Overberg' oats and 'Saia' oats, respectively. This was considerably lower than the 5 t/ha deemed necessary by Van Huyssteen et al. (1984) for effective season-long weed control in an intensively irrigated vineyard in the warmer Klein Karoo wine grape region of South Africa. Effective control was also achieved with the 'Saia' oats (AB) treatment during the 1993, 1994 and 1996 seasons and the 'Overberg' oats (AB) treatment during 1993 and 1994. The results indicated, however, that 'Saia' oats (AB) and 'Overberg' oats (AB) should not be applied for longer than two consecutive years, as it may allow the weeds to produce seeds and in doing so, promote a buildup in the weed population. No post-emergence weed control was necessary at the end of November in the treatments in which no summer weeds occurred. 'Overberg' oats (AB) and 'Saia' oats (AB) were, therefore, managed without the application of any herbicides during 1994 and 1996, respectively.
The broadleaf species reduced the DMP of the summer growing weeds significantly over the long-term, if post-emergence chemical control was applied before bud break. Effective control was achieved in most years with the faba bean (BB) treatment. Initially, as well as when producing more than four tons of dry matter per ha (see Table 2 ), 'Kelson' medic (BB) suppressed the summer growing weeds effectively (see Table 8 ). Grazing vetch (BB) suppressed the summer weeds acceptably during the first three seasons only. Weed suppression with 'Paraggio' medic (BB) was erratic, with effective control being achieved during 1994, 1995 and 1997 only. 'Woogenellup' subterranean clover (BB) could not suppress the summer growing weeds effectively, although it reduced the DMP of the weeds significantly during the first three seasons.
CONCLUSIONS
None of the cover crop species could re-establish successfully under the conditions that prevailed during the trial. The grain species had the ability to produce significant amounts of dry matter over the long-term, despite the fact that they had been planted on the same soil for 10 consecutive years. The decline in DMP after four seasons, however, indicated that they should be rotated with other cover crop species. The grain species, with the exception of 'Saia' oats during one season, did not produce significantly more dry matter when left to complete their life cycles, if sown before mid April. It is, therefore, not worthwhile to allow these species to complete their life cycles if they were established before mid-April. The two oat species suppressed the winter growing weeds common to the Coastal grapevine region significantly, irrespective of the management practice applied. To achieve similar results with rye, however, post-emergence chemical control should be applied before bud break. To obtain effective suppression of the winter growing weeds in the region, the two oat species should be established annually and controlled chemically before bud break. The grain species controlled the summer growing weeds effectively if sown annually and controlled chemically before bud break. It seems, therefore, that this management practice should preferably be applied to the grain species on a well-drained, medium textured soil in this region.
'Woogenellup' subterranean clover should not be considered for cover crop management in this region. The other N-fixing broadleaf species also performed poorly over the long-term on this medium textured soil. Faba bean, grazing vetch and the two Medicago species must not be established on the same soil for more than four consecutive years, since this would necessitate the use of additional chemicals as protection against pests and diseases. This defeats the purpose of reducing the use of chemicals in grapevine cultivation. The broadleaf species produced more dry matter if allowed to complete their life cycle, irrespective of seeding date. To achieve effective weed control with these species, however, post-emergence chemical control must be applied before bud break. The preference for the use of N-fixing broadleaf species in a rotation system with a grain species on medium textured soils in this region should be 'Kelson' medic > faba bean > grazing vetch > Paraggio medic.
